INTRODUCTION
A lthough loss of elbow motion may be common, elbow stiffness that impedes a functional arc of motion is less so. Because most elbow stiffness is not painful, patients do not present until their loss of motion is severely debilitating and the ability to use the hand becomes compromised. Most activities of daily living can be accomplished with an arc of motion from 308 to 1308. 1 For some, a limited arc of motion may be tolerable up to the point of ankylosis. For others, even a 20% loss of motion can interfere with work or recreational activities.
Although many anatomic structures can be responsible for elbow stiffness, it is useful to classify these structures into two categories: intrinstic and extrinsic. 2 Posttraumatic stiffness is the most likely source of elbow stiffness that a physician will encounter, as reflected in the literature. 3, 4 As our aging population continues to be in better physical shape, leading more demanding lives, degenerative conditions will bring more patients for treatment. Both operative and nonoperative treatment should be considered after a thorough diagnostic work-up. The direction of maximal loss must be noted as well as the patient's specific functional demands and expectations. Specific operative techniques, however, are beyond the scope of this paper.
PATHOANATOMY
The elbow is composed of three articulations with a single synovial capsule: the ulnotrochlear joint, the radiocapitellar joint, and the proximal radioulnar joint. The elbow is both highly constrained and highly conforming; it is this particular characteristic of the elbow joint that puts it at greater risk for motion loss than the other joints of the body. The functional arc of elbow motion has been described as 308 to 1308 of flexion; however, for some people even a 1008 arc of motion may not be adequate, especially if flexion is limited because many activities of daily living require more than 1008 of elbow flexion. 1 Moreover, many professional and recreational activities require more than 308 of elbow extension (flyfishing, golf, cross-country skiing, bowling, bow hunting, rowing, sailing, etc.).
Elbow stiffness resulting from multiple etiologies may have pathology that generally can be described as one of two types: intrinsic or extrinsic. 2 Extrinsic, or periarticular, pathology may involve contractures of the capsuloligamentous tissues or musculotendinous units, or it may be the result of ectopic bone formation within the same tissues. Furthermore, malunion or nonunion of extraarticular fractures can result in a loss of motion. Neuromuscular conditions may affect the
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Purpose of review
The pathology that contributes to elbow stiffness and the possible treatment options are discussed. The focus should remain on prevention and nonoperative treatment; however, when conservative treatment fails, operative intervention should treat all of the pathology.
Recent findings
Increasingly, arthroscopic approaches have provided safe, reliable improvement to the stiff elbow. Paradoxically, better results have been demonstrated in patients with heterotopic ossification. Furthermore, biochemical factors have been identified in the pathology associated with elbow stiffness and may be the target of new therapy or prevention. For those patients who require surgery, better results are observed if the operation occurs within a year of the injury.
Summary
Trauma remains the primary reason for elbow stiffness. Treatment may require open, arthroscopic, or combined approaches which are most effective early in the disease process. The status of the ulnar nerve has a significant role in subjective outcomes.
soft-tissue milieu. Finally, the skin itself can be restrictive because of burns, scars, or fibroblastic conditions. Intrinsic or intraarticular pathology may involve intraarticular adhesions, cartilage deficiency, subtle architectural changes from arthritis, gross architectural changes from trauma, loose bodies, or osteophytes. Often, posttraumatic situations may involve a combination of intrinsic and extrinsic pathology. 2, 3, 4 Long-standing contractures also may create structural changes within the musculotendinous units. It is important to identify the direction of the greatest limitation of movement, the condition of the ulnar nerve, and the gross structure of the articular surface.
CLINICAL EVALUATION
For successful management of a stiff elbow, a physician must identify what is at agency and treat all of the pathology. Often, stiff elbows may not be painful or may only have pain at the extremes of motion; pain during the arc of motion may be suggestive of an intrinsic process. If the stiffness is refrac-tory to nonoperative treatment, both open and arthroscopic approaches may be available and be used in combination. Because of the relatively constrained anatomy, careful dissection must occur regardless of the approach.
The history must account for general physical conditions and previous treatments; even minimal trauma may result in a stiff elbow for systemic conditions like diabetes. Radiographic evaluation must provide the surgeon with articular detail; if needed, a computed tomography (CT) scan with 3-D reconstruction may prove to be a useful addition to the standard radiographic evaluation. Stress radiographs may highlight patterns on instability. An MRI may prove useful in the adolescent patient with cartilage damage or in patients with ligamentous instability and accompanying stiffness ( Figure 1 ). 5 Finally, elbows with significant rest pain should be evaluated for infection.
The history is critical to determine what is responsible for the patient's loss of motion: initial trauma, subsequent treatment (or lack thereof), either microtrauma or instability in an athlete, intrinsic patient factors or medical conditions. 6 Motion loss after a 'simple' dislocation usually is the result of an extrinsic contracture, that is, capsuloligamentous structures; however, careful evaluation of the ulnohumeral articulation may reveal associated instability or arthrosis. 3 The medial and lateral collateral ligaments are involved with joint stability and may be involved with contracture, especially the posterior band of the medial collateral ligament.
Current Orthopaedic Practice
On physical examination, active and passive range of motion must be documented. A lidocaine bolus may improve the examination for patients with significantly painful motion, but the stiffness or guarding may mask more subtle instability. Objective scores like the disabilities of the arm, shoulder and hand (DASH) or Mayo Elbow Performance Score (MEPS) may help provide baseline data to document improvement and disability.
TREATMENT
For patients with osteoarthritis of the elbow, the joint space itself may be relatively preserved; usually proliferation of osteophytes and loose bodies serve as a mechanical blockade to motion (Figure 2a & b). 7, 8 Loss of terminal extension and impingement pain at the end of the arc of motion may be the result of hypertrophic osteophytes or even fracture of the osteophytes (O'Driscoll, personal communication). Symptoms of catching and locking often are caused by loose bodies, and midrange pain may be caused by chondral lesions; pain throughout the arc of motion may indicate synovitis. Capsular contracture, especially along the posterior band of the medial collateral ligament can further restrict motion; release of the posterior band of medial collateral ligament (MCL) can improve flexion, but its proximity to the ulnar nerve warrants caution. 7 Ulnar nerve symptoms may be present in up to 50% of people with elbow contractures and releases must be considered in all those with less than 1008 of flexion. 7, 8 For example, a pediatric intensive care physician had difficulty intubating with a 908 flexion arc (À308-1208) resulting from osteoarthritis and loose bodies. Arthroscopic debridement improved his arc of motion to À58-1358, with a rapid return to work and no trouble intubating.
Patients after an injury may present with dramatically less motion and a host of other pathology. The presence or absence of heterotopic ossification may have a prognostic impact for the success of open release; a recent study from Lindenhovius et al. 9 demonstrated improved range of motion and fewer cases of repeat surgery after open capsular releases in patients with heterotopic ossification compared with those with capsular contractures alone (improvement of 528, arc of 1138, and improvement of 358, arc of 878, respectively). The study was too small to note differences among the etiologies. Also, there were a greater percentage of patients with heterotopic ossification who underwent medial and lateral release compared with those in the contracture group (56 vs. 33%). Park et al. 10 reported similar findings with a mean arc of 1108 compared with 868 for those with and without heterotopic ossification, respectively.
Ring et al. 11 evaluated their results of open capsulectomy for posttraumatic stiffness in 46 patients followed for a mean of 48 months; the index surgery yielded a mean 538 improvement in flexion arc; however, 14 patients required subsequent surgery (seven releases, five unlnar nerve transpositions, and two releases with transposition). Additional releases gained an average of 268, but these patients were more likely to have persistent ulnar nerve dysfunction and lower outcome scores. Moreover, persistent ulnar neuropathy was a strong predictor of lower subjective and objective assessments. Overall, the study showed that 90% of the patients could achieve more than 808 of motion but nearly one third required revision. The final motion had a greater influence on the physician-based scores than on health status questionnaires. Pain and ulnar nerve dysfunction had a strong correlation with both subjective and objective evaluations.
For some malunions after a sheer fracture of the joint surface, an Outerbridge-Kashiwagi arthroplasty may provide improved range of motion by eliminating the bone block without performing an osteotomy and repair of the articular deformity. 12 The open approach (medial, lateral, anterior, or combined) may depend on the direction of maximal disability or the presence of ulnar nerve symptoms. A utilitarian posterior skin approach, however, provides the surgeon with a reliable way to reach both sides of the joint through a single incision.
With respect to nonoperative treatment, Doornberg et al. 13 reported results on 29 patients treated with static progressive splinting; the mean arc of flexion improved from 718 to 1128 with a 10% rate of additional operative intervention. A trend toward better results was noted in patients who were treated with static splinting after an initial injury rather than those who were treated after operative releases.
Children are of concern because of trend towards poor or unpredictable results for open capsular releases in younger patients has been noted. 5, 14 Mader et al. 15 reported a technique of mechanical distraction with an external fixator for the posttraumatic, stiff elbow in an adolescent population; the technique is demanding; however, the results seemed to be durable over time. Arthroscopic techniques may show some promise for this population but only small series have been reported and long-term results are unknown.
Arthroscopically, newer techniques emphasize removal of the osteophytes, followed by osseous work before treating the capsule; this should provide the maximum margin of safety for the nerves. 16 It is important to remember that hydrostatic distension of the capsule will move nerves away from the joint but not from the capsule; the use of retractors and elevators through accessory portals cannot be overemphasized to increase the margin of safety. 17 Technically speaking, it may be easier to begin in the posterior compartment, because this will allow for easy removal of loose bodies and osteophytes from the posterior aspect of the ulnohumeral joint. The posterior band of the medial-collateral ligament can be released at the posterior-medial gutter, and the ulnar nerve can be decompressed. Previous ulnar nerve transposition is a relative contraindication to arthroscopic release as the nerve may be in danger from portal creation.
Timing may play a role in the success of operative intervention for posttraumatic stiffness. Cikes et al. 18 reported better results for patients who had intervention within 1 year of the trauma. Furthermore, the authors found better subjective results in patients with greater preoperative contractures. Longer follow-up studies have shown the durability of the results from open capsular releases. 19 Operative treatment should depend on the physician's comfort level. Arthroscopic releases with an anterior capsulectomy are safe and reliable for patients who have a concentric joint without complete ankylosis. Patients with significant heterotopic ossification may be best treated through an open approach or a combined arthroscopic and an open approach. Physicians beginning their elbow arthroscopy experience should avoid arthroscopic capsular release if there is less than an 808 arc of motion or a previousulnar-nerve transposition. An expedient compromise for the posttraumatic case that requires hardware removal is to use a previous posterior skin incision to elevate full-thickness skin flaps; the ulnar nerve can be identified and released or transposed and the capsular work done arthroscopically.
After the capsular releases are performed, the periarticular hardware can be removed.
Postoperatively, interscalene blocks and continuous passive motion (CPM) may be effective for the completely ankylosed elbow, but they have not been proven for milder contractures. Early active motion supplemented with static bracing is effective for most patients.
I have transitioned to using an inflow cannula at the traditional anteromedial-portal site, but I begin the actual resection and releases in the posterior compartment with the scope in the direct midlateral portal and the shaver in the posterolateral portal. Radiofrequency ablator wands can be used to resect the posterior capsule, and a burr and pituitary rongeur can expedite osteophyte removal. Loose bodies are usually sequestered in the posterior recess and may be scarred down; a liberator knife (like that used for capsular elevation around the glenoid) can expedite their removal. Look for a band of fat or soft tissue, which will demarcate the osteophyte from native bone.
If needed, posterior medial portals can be made to retract the ulnar nerve and release the posterior band of the MCL or even decompress the ulnar nerve. If the nerve's whereabouts are in doubt, a small medial incision can be made to isolate the nerve and protect it. This provides a safe and efficient way to begin the release process, and, with the use of switching sticks, an easy way to progress from the posterior recesses to the anterior compartment; furthermore, it can be coupled with an arthroscopic ulnohumeral arthroplasty (Outerbridge-Kashiwagi procedure) for an efficient restoration of motion in the arthritic and posttraumatic settings. 20 The use of retractors as popularized by O'Driscoll 21 enables efficient excision of the anterior capsule in a medial to lateral direction. The bone work should be completed prior to beginning the soft-tissue work, and an assistant is necessary to provide retraction of the neurovascular structures.
Ultimately, attention should be focused on the prevention of stiffness. Postinjury and postoperative heterotopic ossification prophylaxis should be considered in the 'at risk' population: major elbow trauma, head injury, burns, previous heterotopic ossification, genetic or medical predisposition. 22 At a cellular level, increased expression of transforming growth factor beta (TGF-b) may lead to myofibroblastic proliferation and increase collagen cross-linking with a decrease in proteoglycan and water content; [23] [24] [25] 26 a similar combination of contracture and fibroplasia can be seen in adhesive capsulitis of the shoulder suggesting a final common pathway for joint stiffness. 27 Future treatments will likely target these biochemical pathways.
Furthermore, transitory weakness provided by Botox injections can be used for prevention of stiffness after release of the grossly contracted elbow. For patients who have a nearly ankylosed elbow, I inject the biceps and brachialis with 75 units, the triceps with 75 units, and the brachioradialis with 50 units after contracture release (dosages are from personal communication with Dr. Morrey). These patients will then be placed on constant passive motion or a static adjustable brace. Kim et al. 28 reported the use of Botox (100 units into the brachialis and 100 units into the biceps) at the time of repair of elbow fractures and fracture dislocations. Compared with placebo controls (isotonic saline), the treated group demonstrated better motion at both 3 months and 6 months.
CONCLUSION
Although elbow stiffness can be thought of as intrinsic or extrinsic, the reality is that both anatomic regions are responsible. It is incumbent upon the surgeon to determine what factors may be most responsible for the loss of motion and treat each to the best of his or her abilities. Both arthroscopic and open procedures have had good results in treatment of the stiff elbow, and the approach should be dependant upon the treating surgeon's comfort level. Operative release is successful when conservative management has failed but many patients (up to 38%) may require more than one procedure; the patients must be informed that surgery, splinting, or other treatments may be required to maintain their mobility. 29, 30 Hemiarthroplasty for distal humeral fracture may help avoid some complications associated with the comminuted intraarticular fracture of the elbow. Fascial interposition arthroplasty in a young patient and total elbow arthroplasty in an older patient remain salvage operations. 28 Static splinting should be instituted early, less than 3 months after injury or surgery, but the decision to operate should be made at less than 1 year. 13 In general, if there is greater than a 208 flexion contracture, anterior capsulectomy is warranted. 21, 30 An open approach should be considered if significant heterotropic ossification is present. The ulnar nerve should be released or transposed if there is less that 1208 of flexion, preoperatively, if gains of more than 308 of flexion are anticipated, or there are ulnar nerve symptoms preoperatively; transposition should be performed if there are electromyography findings. Adjuvant therapies like Botox injections may help prevent stiffness at the time of injury and after operative release.
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